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AN ATTEMPT TO SEPARATE THE RARE EARTHS BY ELECTROLYSIS.
I. INTRODUCTION
.
The rare earth elements, being so closely related chemical-
ly, are extremely hard to separate from each other, especially the
members of each group. Indeed, only after many thousands of frac-
tional crystallizations, is it possible to obtain any one element
in a fair degree of purity, these fractionations covering a period
of several years.
This research was undertaken with the hope that by electro-
lyzing out the metals from the fused salts or dissolved oxides, a
more rapid fractionation could be accomplished,
Bunsen, Hillebrand and Norton1 first prepared the cerium
group metals, e.g. cerium, lanthanum, didymium and samarium, by
the electrolysis of the chloride of the metal fused with sodium and
potassium chlorides.
2Ulllk prepared cerium by the electrolysis of fused cerium
fluoride and potassium fluoride. The metal, however, contained
silicon.
Hillebrand and Norton carried on the work done with Bunsen
on a larger scale. The salts were fused in a furnace and the cur-
rent passed thru when the salts became liquid. On completion of
the electrolysis, a lump of metal of from two to six grams was ob-
tained, together with smaller particles disseminated thruout the
mass. An analysis of lanthanum prepared in this gave La 98.95 % t
Di .51 %, Fe .4? %, Si .22 %.
^-Poggl- ^nn. d Phys 155, p. 633, (1875)
^Wiener Akadem. Ber. 52, p. 115. (1864)
3Pogg. ann. d Phys. 156 p. 466 (1875)

Frey1 prepared metallic cerium electrolytically from the
fused chloride,
2Borchers repeated Hillebrand and Norton's work. He found
that cerium separated out in the molten condition only from extreme-
ly hot electroytes, while a colder electrolyte gave the metal in a
powdered form.
Borchers and Stockem3 obtained cerium by dissolving the oxide
first in cerium chloride, then in the chlorides of aluminum and the
alkali metals, and passing a current thru the solution.
Muthman" Hofer, and Weiss used fused neodymium and cerium
chlorides. Their chief difficulty was in the preparation of anhy-
drous salts. They also tried dissolving the cerium oxide in fused
cryolite, and passing a current thru the solution. Using pure cer-
ium dioxide they obtained a metal containing Ce 41.81 % 9 Al 32.94 %,
Fe 15.93 %, Si 9.44 %. They also used the anhydrous chlorides with
lead and barium chlorides obtaining an alloy in the first and the
metal in the second case.
Muthmannand Kraft5 developed the method using barium chloride
and obtained 250 - 270 grams of metal from one kilo of chlorides.
Muthmannand Weisf first prepared misch metal, wh}.ch is a
mixture of the metals of the cerium group, from the mixed salts.
Lately, Hirsch' has done some work on the electrolysis of
pure cerium salts. H© used as pure cerium chloride and fluoride as
Ann. d. Chem. 183, p. 368 (1876)
^Elecktroraetallurgie 2 aufl.
jElecktrometallurgie 3 " p. 167 (1903)
4Ann d. Chem. 320 p. 231 (1901)
5Ibid 325 p. 261 (1902)
6Ann. f. Chem. 31 p. 1 (1903)
7J. Ind. and Eng. Chem. 3. p. 880 (1911)

3.
he could obtain, and thru electrolysis obtained several kilos of
the metal. He also experienced difficulty in dehydrating the salts.
All these experimenters were primarily interested in prepar-
ing and studying the properties of the metals. They used the purest
material available, and made no attempt to accomplish a separation
by fractional electrolysis. 1 Heavy current densities were used in
most cases about 100 amperes per square centimeter. This large
current served not only for electrolysis but to heat up the electro-
lyte and keep it melted.
The idea was conceived of using smaller currents and extern-
al heating with the hope of accomplishing some fractionation in this
way. For the external heating, a Hoskins 30 K.W. resistance fur-
nace was used. In it temperatures up to 1800° C. can be obtained,
but 1000° C. was as high as needed to melt either anhydrous salts
or cryolite containing dissolved oxides.
The method first thought of was analogous to the manufacture
of aluminum. This was to dissolve the rare earth oxides in cryolite,
and by passing a current thru the molten solution, to obtain the
rare earth metals.
For this purpose, the yttrium group metals were tp be pre-
ferred because of their larger difference in atomic weights than
those of the members of the cerium group. Thus scandium is 44, ytt-
rium 89, erbium 166, while the cerium group metals differ from each
other only by about eleven, consequently, it would be easier to se-
cure evidence of fractionation by making approximate atomic weight
determinations with the original material and the material obtained
xThe only exceptions are those of Muthman and Weiss, and
Hirsch, who first tried out their furnaces with rare earth
mixtures, before using pure material.
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by electrolysis.
I am indebted to Professor C. W. Balke for his kindness in
giving me some material which he estimated to contain about 85 %
yttrium, 10 % erbium, the other 5 % being other members of the
group. This mixture would give an approximate atomic weight of 95.
Then if the atomic weight of the product was smaller than 95, it
would show that the members of the group with the lower atomic
weights were being obtained, and vice versa.
The approximate atomic weights could easily be determined by
finding the ratio of the oxide to oxalate, by weighing out the ox-
alate in two portions igniting one to oxide, and titrating the other
with standard permangan ate solutions.
The electrolysis was carried on in a wrought iron cell de-
vised after the one used by Hirsch. It had a detachable bottom
plate, so that electrolyte and metal could be removed. The cell it-
self served as cathode, while a carbon rod dipping into the electro-
lyte served as anode. The cell is drawn in cross section in Pig. 1.
After using the cell several times, it became so corroded, that
a new one was made. Towards the latter part of the work, a one
piece graphite cell was used in place of the iron one for reasons
to be explained later.

FIGJ

6.
II EXPERIMENTAL
1. Preparation of Material.
The material which was obtained as oxaltes, was first ignited
to oxides in platinum dishes. Its solubility in acids was then tes-
ted. The oxides were not completely soluble in dilute or concentra-
ted hydrochloric, dilute or concentrated nitric, or dilute sulfuric
acid. Concentrated sulfuric acid converted them into soluble sul-
fates, but since the sulfates are less soluble in hot than in cold
solutions, they were not to be desired. After converting the oxides
into sulfates, dissolving up and precipitating as oxalates, then ig-
niting at a lower temperature, oxides were obtained which behaved
exactly as before. This shows that the insolubility was not due to
overheating.
The insoluble part was at first thought to be cerium dioxide,
so this was tested for by adding sodium carbonate to the solution of
the sulfate, then adding hydrogen peroxide. No brown color appeared
which showed no cerium was present.
Thorium was next tested for by dissolving the sulfates in hot
water, filtering, and adding a few drops of dilute nitric acid, then
a few cubic centimeters of hydrogen peroxide to the hot solution.
A thick white precipitate was formed, which is, according to Abegg,
hydrated thorium dioxide.
A quantitative determination was then started. The method
was to determine the thorium in the acid soluble part, then treat
the residue with concentrated sulfuric acid, and add the thorium
precipitate from this part to the other.
Towards the end of the determination it was found that by
adding 10 cubic centimeters of 30 % hydrogen peroxide to the
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hydrochloric acid and boiling it with the oxides, complete solution
was obtained. By using this method 4.1839 grams oxides gave .3927
grams thorium dioxide corresponding to 9.38 %. The filtrate from
the thorium precipitate when treated with oxalic acid, gave oxalates
which when ignited to oxides dissolved easily and completely in
hydrochloric acid.
Since this was the desired behavior and because of the high
percent of thorium, it was thought best to remove the thorium be-
fore electrolysis. This was accomplished by boiling the oxides for
hydrochloric? aoid
several hours with A (sp. gr. 1.10). 50 grams portions were used, and
after settling, the liquors were decanted into a large flask, and
the residues combined in one casserole. The residues were then
treated with perhydrol and hydrochloric acid until all dissolved.
Only about .05 % failed to dissolve showing how good the treatment
was.
The solutions were combined, filtered, excess acid neutraliz-
ed, hydrogen peroxide added in slight excess, and then warmed up to
about 70° C. After settling, the solution was filtered, the pre-
cipitates being washed and saved. The filtrate was treated with
oxalic acid, the oxalates filtered off, washed, dried, then ignited
to oxides, and the product placed away in a glass stoppered bottle.
2. Solubility in Cryolite.
The oxides dissolved readily in Cryolite, the maximum for
a clear melt at the temperature of the blast lamp, being about 24 %
of the cryolite.
The cryolite solution upon solidifying was treated with con-
centrated sulfuric acid for several days without effect. Finally
the mass became disintegrated and most of it dissolved. The sep-

aration was not carried on further. To proceed, the rare earths
could be precipitated out in acid solution by oxalic acid as before,
3. Test Runs with Aluminum.
In order to try out the apparatus, a test run was made us-
ing 35 grams aluminum oxide dissolved in 180 grams cryolite. The
connections of the cell and instruments are shown diagrammatically
in Fig. 2. C shows the cell in the furnace with the anode E dip-*
ping into it, R is a resistance in series, A the ammeter, and V
the voltmeter. 25 amperes at 5.5 volts were used, the duration of
the run being if hours. Upon dissembling the cell, no regulus of
metal was obtained, but particles were found disseminated thruout
the electrolyte.
The run was tried again using the electrolyte from the first
run with more cryolite and aluminum oxide. It happened, however,
that the bottom plate did not fit tightly enough, and the charge
leaked out. After this experience, the bottom plate and the upper
part of the cell were both turned off in a lathe exposing a fresh
surface of metal and insuring a good fit.
4. Runs with Rare Earths.
180 grams of cryolite, and 30 grams of thorium free oxides
were mixed intimately and placed in the cell. After the mixture
has fused completely, the current was switched on. Current 25
amperes, voltage 6, time 2 hrs. 19 min.
During this experiment the "anode effect" was first noted.
The indications are, rise of voltage up to 90 - 110, while current
drops almost to zero. The explanation is that a film of gas forms
around the anode and so prevents the passage of the current. The

fig. a
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remedy is either to add more oxides or raise the temperature. The
latter was more practicable. Upon taking apart the cell, the same
mottled appearance of the electrolyte was noted. On the bottom
plate was a lump of metal firmly attached to the plate, which had
a slight reddish tinge. It was extremely hard, taking off the edge
from any of the tempered machinist's tools, A. few pieces were
chipped off and dissolved in concentrated hydrochloric acid, and
a little nitric acid added. The excess acid was neutralized, and
oxalic acid added. No precipitate formed, which indicated that the
metal contained no rare earths.
Another run was made using 130 grams of the electrolyte from
preceding run, 70 grams more cryolite, and 10.5 grams oxides. The
use of a collector was now suggested so a lump of aluminum weighing
about 5 grams was placed at the bottom. 15.5 amperes were used at
4 volts. Time 1 hr. The time was cut short because the iron lead
were melted off.
Upon cooling and taking apart, the cell was seen to be badly
corroded. Several holes were in the side, the bottom plat© had
partly melted with the upper part, and the iron wire had fused into
the bottom plate. Evidently the temperature had been too high.
The electrolyte broke away clean from the bottom plate leav-
ing a smooth reddish brown surface, probably ferric oxide (Fe2 3 ).
Under this was a circular layer of metal about l/8 in. thick, and
of the interior diameter of the cell. This metal was silvery white
and fine grained. Around it was a coarser grained metal which had
an identical structure with that of the cell itself.
Samples were taken of the fine and coarse grained metal, The
coarse grained metal consisted only or iron, the fine grained con-
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tained iron and aluminum but no rare earth.
In testing, it was found that ferrous iron gives a precipi-
tate with oxalic acid which was at first mistaken for a rare earth
precipitate. Ferric iron gives no precipitate, however, In all fol-
lowing work, the iron if present, was first oxidized by concentrated
nitric acid, before oxalic acid was added.
Another run was made using 200grams cryolite, 25 grams oxides
and 10 grams aluminum as a collector. The temperature was well
controlled, keeping above the melting point of the electrolyte all
the time. Current 15 amperes, 5 volts, time 1 hr. 50 min.
When the cell was opened a perceptible odor of hydrogen
sulfide was noticed. The aluminum had, as before, formed a layer
at the bottom. The electrolyte had a mottled gray color. About
0,5 grams of metal was dissolved in hydrochloric acid, and the iron
oxidized with nitric acid. The excess acid was neutralized, and
oxalic acid added. No precipitate was obtained.
In order to see if the rare earths were still in the elec-
trolyte, about 0.25 grams of the finely powdered electrolyte, was
treated with concentrated sulfuric acid, several times. After evap-
orating the excess acid the residue was dissolved up in water, and
oxalic acid added. A precipitate formed immediately showing the
rare earth was still in the electrolyte.
The use of a thermite mixture to reduce the oxides was sug-
gested. But in all the above runs using aluminum as a collector,
practically the same conditions were present as in a thermite re-
duction, as there was molten aluminum in contact with the oxides.
Then since no reduction took place in the cell certainly the ther-
mite reaction would not work.
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The last run was taken as an indication that the oxides of
the rare earth metals of the yttrium group could not be reduced
the
when dissolved in cryolite, at least with^small current used,
18 - 25 amperes, Muthman1} Hofer, and Weiss, however, obtained
cerium from Cerium dioxide in this way, and it was thought that
the cerium group might act differently than the yttrium group.
Accordingly, 175 grams cryolite, 40 grams cerium earth ox-
ides, and 7 grams of aluminum were used. 18 amperes, and 5 volts
were used. Time 1 hr. 30 min. The anode effect was noticeable
again. A cure was found for it, which was simply to lower the a-
node more in to the electrolyte. It seemed as if the anode burned
off at the lower end, and so caused an open circuit, which was
closed when the anode was lowered.
There was no rare earth metal found in the aluminum upon
testing. There was, however, considerable iron in it. The cell
was badly corroded on the inside again.
It was now believed that the iron cell was most suited to
our purpose, the reason being that the iron when oxidized to ferric
oxide dissolves in the cryolite, and is reduced to the metallic
state by the current and deposited at the cathode. This would of
course, prevent any rare earth metal from being electrolyzed out
until all the iron was removed, which of course means that no rare
earth metal could be obtained in an iron cell unless very large
current densities were used.
A one piece graphite cell was made of the same capacity as
the iron one. It rested on a graphite plate in the furnace to
which the iron lead wire was attached, making the cell the cathode.
A carbon rod was again used as an anode.
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A run was made using 350 grams cryolite, 70 grams cerium
earth oxides, and no aluminum. Current 25 amperes, 5 volts, time
1 hr. 53 rain. After sawing the cell apart, particles of metal could
be plainly seen. A few of the larger ones were collected and dis-
solved up in acid. The excess acid was neutralized and oxalic acid
added. A white ppt was obtained, showing that some rare earth had
been electrolyzed out. The metal also contained some aluminum.
Another run was made using 300 grams of the electrolyte
from above run, 60 grams more, cryolite, 15 grams more oxides, and
7 grams of aluminum. Current 25 amperes, 5 volts, time 2 hrs. 30
min.
Upon opening the cell, metallic particles could again be seen
The button of aluminum was found, and dissolved up in hydrochloric
acid. It contained considerable carbon. The solution was fil-
tered, excess acid neutralized, and oxalic acid added. A pinkish
precipitate was obtained which was filtered off, washed, dried,
ignited to oxide and weighed. The amount obtained was 0.2878 g.
It had a deeper brown color than the original oxides. It was dis-
solved up in hydrochloric acid and made up to 100 cubic centimeters.
In order to compare it with the original, exactly 0.2878 g.
of material was weighed out, dissolved up in an equal amount of
H<J1 and made up to 100 cubic centimeters. The solutions were then
put in tubes of equal lengths and their absorption spectra studied.
The absorption spectra of the two solutions showed unmistak-
able differences in the number and intensity of the bands. The
absorption bands were more numerous and darker in the solution made
from the metal obtained by electrolysis, than they were in the so-
lution made from the original material.
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The following table shows the position of the bands and
their description.
Original Material
571 - 579 broad and faint
520.5-522 very faint
514 just a hint of
a line
476
469
Electro lyzed Material
571 - 579 deep dark broad band
532 very faint line
522 - 522.5 faint band
520.5-521 another faint band
511.5-514 very faint and broad
509 very faint and narrow
481 faint and not sharp
476 faint and narrow
469 sharp and faint
444 - 446 faint but broad
427 faint
Interpretive drawings have been made and shown in Fig. 3.
In it the height shows the intensity, while the horizontal distance
shows the position and width of the absorption bands.
The original material evidently contained a larger proportion
of the metals which give no absorption bands (lanthanum or cerium
or both), wheifas the metal obtained by electrolysis is richer in
neodymium and praseodymium.
faint
very faint
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HI, SUMMARY.
After several unsuccessful but Instructive attempts, a small
amount of rare earth metal was obtained by electrolysis from a
solution of rare earth oxides in molten cryolite.
A study of the absorption spectra shows that the metal ob-
tained by electrolysis is distinctly richer in neodymium and praa-
eodymium than the original material.
It is evident that an appreciable separation has been accom-
plished in one operation. It may be possible, therefore, to develop
a method of separating the rare earths by electrolysis, which will
be more rapid than the very unsatisfactory and tedious methods used
at present.



